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Abstract 
The Dee Glen Smith spectrum at Utah State University has a reputation of having one of the loudest 
student sections in the nation. For years, students have taken pride in creating a home court 
advantage by creating an extremely rowdy and loud atmosphere. Many would agree that this is what 
makes USU basketball so special. 
Elevated noise levels, however, have the potential of creating a health hazard to both employees and 
spectators. Elevated noise levels can cause negative acute effects such as headache, dizziness, 
nausea, and tinnitus (ringing in the ears). The most likely acute affects that students, employees, and 
patrons may experience are tinnitus and headache. Chronic exposures to elevated noise levels cause 
sensory nerve damage to auditory hair cells, resulting in Noise Induced Hearing Loss. In order to 
understand the seriousness of these noise exposures within the spectrum, measurements were taken at 
home games for the 2011/2012 and 2012/2013 USU basketball seasons. Small personal meters 
(known as noise dosimeters) were worn by an employee and a student at each game which 
determined the degree of their personal exposure to noise levels. 
It was found that students and employees were consistently exposed to very high noise levels . 
OHSA has developed a standard which states that an employee shall not receive a noise dose > I 00%. 
This dose is calculated by setting up a personal dosimeter with the proper parameters (A-weighted, 5 
dB exchange rate, and slow response rate). By OSHA standards, those in the student section are 
being exposed to unacceptable levels at the majority of games. When assessing personal noise doses 
using parameters provided by the American Conference of Governmental Industrial Hygienists, 
which is a more accurate representation of noise exposures to the human ear, noise exposures to 
employees and spectators were even higher. ACGIH bases their exposure values on a 3 dB exchange 
rate which more closely represents the human ear's reaction to noise intensity. For example, a 3 dB 
increase represents a 200% increase in noise intensity. While most employee exposures have been 
within OSHA compliance standards, the prevalence of exposures exceeding an 85 decibel TWA 
(time weighted average) warrant the use of hearing protection at USU basketball games. 
Utah State University ' s hearing conservation program states that employees must wear hearing 
protection if they are exposed to noise levels exceeding an 85 dBA TWA. Noise measurement data 
is used to support my recommendation that USU athletics provide employees hearing protection (ear 
plugs) as required by OSHA CFR 1910.95 (explained in OSHA 3074), and that students and 
spectators have hearing protection made available to them at the games. 
The two main goals of the study were the following: 
• Determine whether a correlation between employee/spectator noise dose and spectator 
attendance exists. 
• Assess the noise doses received by employees and spectators in order to implement effective 
and feasible controls. 
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Executive Summary 
The Dee Glen Smith spectrum at Utah State University has a reputation of having one of the loudest 
student sections in the nation. For years, students have taken pride in creating a home court advantage by 
creating an extremely rowdy and loud atmosphere. Many would agree that this is what makes USU 
basketball so special. 
Elevated noise levels, however, have the potential of creating a health hazard to employees, students, and 
spectators. In order to understand the seriousness of these noise exposures, extensive measurements were 
taken during the 2011 /2012 and 2012/2013 basketball seasons. Small personal meters ( dosimeters) were 
worn by employees, students, and spectators at the majority of the home games. Results were measured 
and assessed according to OSHA and ACGIH (American Conference of Governmental Industrial 
Hygienists) standards. These methods for noise assessment are further explained in the "description of 
the problem" section of this report as well as in appendix A. 
During the 20 I 1/20 I 2 season, only the OSHA PEL (permissible exposure limit) was assessed. During the 
20I2/2013 basketball season, both OSHA HC (hearing conservation) and ACGIH TLV (threshold limit 
value) standards were assessed. Therefore, the 2011/2012 season was assessed based on compliance 
standards while the 2012/2013 season was assessed based on hearing conservation standards. 
During the 10 games assessed for the 2011/2012 season, students were overexposed at 60% of the games 
based on OSHA Permissible Exposure Limit (PEL) standards. No employee overexposures were 
recorded . These levels can be interpreted by understanding that according to OSHA, a l 00% dose is 
equivalent to a Time Weighted Average of 90 decibels (dBA). The Time Weighted Average (TWA) is 
determined by spreading the average noise level within the short sampling period (approximately 3 hours) 
over an 8 hour period. See appendix A for further details involving noise measurement parameters. 
For the 2012/2013 season, students were overexposed at 53% (10 of the 19 games sampled) of the games 
and no employee overexposures were recorded at the scoring table based on OSHA Hearing Conservation 
(OSHA HC) standards. One employee working in front of the student section was overexposed according 
to OSHA HC standards. According to ACGIH TL V (Threshold Limit Value) standards, however, 
students were overexposed at 90% of the games while the employee group was overexposed 85% of the 
time. Of the spectators sampled, 100% (based on 7 individual samples) were overexposed according to 
the ACGIH TLV noise standard. 
The data suggests that those being exposed to the more hazardous noise levels are those close to 
the student sections and pep band (such as ushers). I recommend that those employees working 
directly in front of or within the student sections (and those ushers working directly in front of or 
next to the pep band) be required to use hearing protection during the duration of the basketball 
games. I also recommend that the use of hearing protection be encouraged for employees 
working within the spectator seating areas. Doses for employees working above the seating 
areas in the circular hall areas did not experience elevated noise doses. Employees should have 
access to hearing protection at their assigned worksites (such as at the score table), and I 
recommend that ear plugs be made available to spectators at the entrances. This demonstrates a 
very proactive approach to the health and safety of USU employees, students and spectators. 
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Background/Introduction 
Noise measuring began in collaboration with the Environmental Health and Safety department at 
USU. Prior to the USU vs. BYU basketball game on November 11, 2012, I called and asked 
Craig Wallace if they would be interested in having me gather noise data at this much anticipated 
game. He agreed and obtained permission from Jana Doggett of USU's athletics department. 
From then on, I continued monitoring noise levels at the Glenn D. Smith spectrum during USU 
men's basketball games. As an industrial hygiene student, this project is helping me gain 
valuable research and professional development experiences while working under the 
supervision of John Flores. 
Another important reason for performing this project is to assure that proper precautions are 
being taken in order to protect the health and safety of USU students, employees, and spectators. 
OSHA is the governmental agency which enforces health and safety standards for employees at 
Utah State University. Under OSHA regulations, employees may not experience a Time 
Weighted Average greater than 90 decibels (dBA) during each shift. This value (TWA) is 
calculated by assuming that the employee is exposed to an 8 hour shift, even if the shift is longer 
or shorter than 8 hours. A Time Weighted Average (TWA) of90 decibels (dBA) is equivalent to 
a 100% dose. According to OSHA, anything above these levels is a citable offense if employees 
are not wearing hearing protection. More conservative (more protective) standards are provided 
by the American Conference of Governmental Industrial Hygienists (ACGIH). Under ACGIH 
standards, a 100% dose is reached by obtaining a time weighted average of 85 dBA based on an 
eight hour shift. For further information concerning noise measurement standards and 
parameters, see appendix A. 
During the 2011/2012 season, a pilot study was conducted. For this study, only the OSHA PEL 
(permissible exposure limit) was assessed. When using the OSllA PEL, only noise above 90 
dBA is recorded. During the 2012/2013 basketball season, both OSHA HC (hearing 
conservation) and ACGIH TLV (threshold limit value) standards were assessed. These standards 
have a lower noise threshold; recording all noise above 80 dBA. These two standards more 
accurately measure true noise and TWA' s. Therefore, the 2011/2012 season was a pilot study 
that was assessed based on compliance standards while the 2012/2013 season was assessed based 
on hearing conservation standards. 
Very few studies have been done on noise exposures in indoor sporting arenas, and I hope to 
shed more light on the possible hazards associated with working and/or viewing sporting events. 
The most recent study that I could find measured noise exposures of employees working in atwi 
separate indoor hockey arenas (Cranston, Cory J.). In this study, 54 personal samples were taken 
over the course of seven games. The study concluded that 40% and 57% of workers and 33% 
and 91 % of fans were overexposed based on ACGIH noise exposure criteria at venues 1 and 2, 
respectively. In the study I performed, however, overexposures were even more frequent. Peak 
levels often exceeded the 124 dB level, which was the highest recorded noise level in the hockey 
game study. Noise levels above 130 dB were recorded in the course of my study within the Dee 
Glen Smith Spectrum during the USU men' s basketball season. 
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Description of the problem 
Noise acts as waves in the air around us. Just as a rock thrown in a pond causes a ripple in the 
water, a sound-generating action causes a ripple in the air. This ripple condenses air molecules 
in a wave-like pattern, causing a rapid fluctuation of high and low pressures in the air. In this 
manner, noise is propagated from its source to its receiver. Figures 1 and 2 demonstrate the 
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Figure 2: Noise propagation from source to receiver ("What is sound"). 
Noise.frequency is based on the distance between two areas of compression (wavelength) and 
noise intensity is based on the magnitude of the sound pressure level. 
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Noise Induced Hearing Loss (NIHL) is the loss of hearing due to exposures to elevated noise 
pressure levels. Sound waves are converted into mechanical energy within the ear, causing 
sensory hair cells within the cochlea to move. Very strong intensities or prolonged exposures to 
elevated noise levels can cause these hair cells to bend significantly, fatigue, and eventually 
break. Once broken, the damage done to these fragile hair cells is irreversible. 
Exposures to elevated noise intensities can cause a variety of adverse outcomes to employee 
health. Some of these include headache, nausea, and tinnitus. Some studies have shown that 
high noise exposures may lead to increased stress and hypertension (Bahadori, R.S.). 
Classification of NIHL 
NIHL is identified by annual audiometric testing (audiograms) and is defined by OSHA as a 
permanent shift of 10 dB or more in the average hearing thresholds at 2000, 3000, and 4000 Hz 
(Danielson, Richard, Dr.). Noise induced hearing loss typically results in impaired hearing for 
noises between 2,000 and 4,000 Hz. Hertz is a measurement of wave frequency measured as 
cycles per second. Since human speech occurs at frequencies between 300-4,000 Hz, people 
with NIHL often have difficulty hearing women and young children (who typically have higher 
pitched voices). Higher frequencies are easier to attenuate than low frequencies, but present a 
greater hazard for causing NIHL. Ideally, frequencies of 2,000 to 4,000 Hz would be attenuated 
to provide the most adequate protection against NIHL. 
Audiograms determine the presence of a Standard Threshold Shift (STS) by revealing a 10 dB or 
greater loss in hearing tones at frequencies between 2,000 and 4,000 Hz. If a STS is detected, 
follow-up audiograms are performed in order to determine whether or not the STS remains the 
same If it does, the STS is reclassified as a permanent threshold shift (PTS), meaning that the 
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Figure 3: Audiometric results showing an STS ("Noise 
Induced Hearing Loss", aafp .org). 
Audiograms determine the presence of a 
Standard Threshold Shift. If the shift is 
permanent, this condition is classified as 
NIHL. 
OSHA STS: In either ear, a change of 10 
dB or more in the average of hearing 






Figure 4: Anatomy of the outer and inner ear ("Medical 
News and Health Topics"). 
Noise Assessment Methods 
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Sound waves are transformed into 
mechanical energy as the tympanic 
membrane fluctuates and contacts the 
bones of the inner ear. The stapes 
then impacts the oval window where 
the energy moves the liquid in the 
inner ear. This causes the hair cells to 
move; this movement is transformed 
into a sensory impulse. 
Figure 5: Sensory cells within the 
Cochlea ("Why do loud noises cause 
your ears to ring?"). 
Intense noise levels can 
overstimulate and fatigue 
these hair cells. This can 
cause permanent damage; 
resulting in NIHL. 
Noise is a complicated hazard to understand and assess. Unlike chemical exposures, noise is 
logarithmic. This means that very small increases in measured noise levels represent very large 
increases in noise exposures to people (Synergist) . For example, when using OSHA standards, a 
5 dB (sound pressure level) increase in measured noise levels represents a 200% increase in 
noise dose, but based on the energy of noise, when the energy doubles, it increases by 3dB. The 
ACGIH's TLV standard adopted a 3 dB exchange rate. ACGIH chose it in reference to this 
doubling of the noise intensity (dose). 
In order to collect noise measurements and understand noise doses within the spectrum, two 
types of noise meters were utilized. The first was a personal noise meter known as a dosimeter 
(Quest Edge eg5 and Quest NoisePro dosimeters). These small devices were clipped on the 
shoulder (at ear level) of students, employees, and spectators in order to obtain an accurate 
representation of their personal exposures to noise levels. These meters collected and saved 
noise measurements during the entire sampling period. By using these personal devices, I was 
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able to determine average noise levels within the spectrum, and understand the magnitude of 
employee, student, and spectator noise exposures. The second device utilized was a hand-held 
Quest SoundPro SEIDL sound level meter and octave band analyzer (SLM/OBA). This was 
used to measure real time noise levels at different locations throughout the spectrum in order to 
identify prominent frequencies of the noise generated within the Dee Glen Smith Spectrum. 
Proper Industrial Hygiene sampling protocol was followed for both the personal and area 
sampling. Pre and Post calibration was performed before all sampling activities in order to 
ensure the accuracy of the instruments and proper parameters were programed into the 
instruments (see appendix A). The dosimeters (personal noise meters) were used to sample for 
approximately 3 hours at each game (from approximately 6:10 pm to 9:10 pm for games starting 
at 7:05pm). The research technician arrived at each game around 6:00 pm in order to place the 
personal dosimeters on the test subjects. Two sampling locations remained constant (see figure 
6) and one to two other locations from game to game were changed in order to determine the 
differences in exposure based on location. Occasionally, employees working in the outer 
hallway areas as well as those working at floor level were sampled. Spectators were sampled at 
many different locations as well. 
In order to understand exposures based on ACGIH standards (TLV values which more accurately 
help us understand noise exposures as they relate to human hearing), sampling was performed 
using ACGIH's TLV standards during the 2012/2013 basketball season. OSHA's HC (Hearing 
Conservation) parameters were also programed into the dosimeters to determine whether a 
hearing conservation program would be necessary for employees. 
Sampling location for these samples remained constant throughout the basketball season. All 
student samples were taken from individuals seated in section K. All individual samples were 
also narrowed down to rows 3-6. All employee samples were taken from the courtside location 
of the Game Clock Operator. Figure 9 below indicates these sampling locations within the 
spectrun1. 
.s, 
Figure 6: Student and Employee sampling locations in the Glen Dee Spectrum are indicated with a star ("Utah State Aggies") 
The data collected from the personal meters was downloaded using computer software. The data 
was used to create the following charts in order to better understand variations in sound pressure 
levels at the games. The following two figures are shown as examples. It can be seen that noise 
levels in the student section were consistently higher than those near the analyst table. Further 
examples of these and other chart types generated from the data can be found in the 
"Results/Observations" section of this report. 
Employee 
Figure 7: Employee 1 Noise Exposure Chart 
Location: Courtside; Game clock on north analyst table 
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■ Lavg-1 ■ avg-2 
Note: The red line indicates 85dBA. The ACGIH TL V is 85 dBA for an 8 hour shift. 
Student 
Figure 8: Student 23 Noise Exposure Chart 
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Date/Time 
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Note: The red line indicates 85dBA. The ACGIH TL V is 85 dBA for an 8 hour shift. 
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Last season (2011/2012), a hand-held Sound Level Meter was used to measure the noise levels 
from various locations within the spectrum during the USU vs. BYU game. The highest 
observed sound pressure level (dBA) within a 3 minute time period was recorded. While these 
results are expected to vary significantly from game to game, the figure below offers some 
insight into the possibility of heightened noise doses for both employees and spectators. 
Area Samples taken within the spectrum 
The highest dBA level that was seen within a 3 minute period was recorded. 
(Measurements were taken with a type 2 Sound Level Meter) 
Dee Glen Smith Spectrum 
l an 
'h X A 8 C 
T E 
s 
I 105.7dBA ~ - -
R ' 
I uo.9dBA I 
Figure 9 : Measurements recorded during the fi rst half of the 20 11 USU vs. BYU basketball game ("Dee Glen Smith Spectrum") 
Results/Observations 
It can be seen from figure 8 that noise levels within the spectrum can consistently reach peak 
levels well above 100 decibels (A-weighted), with even higher levels seen near student sections. 
The peak sound levels ranged from103.4 dBA to 110.9 dBA. Those seated in or near the student 
section received considerably higher noise exposures. When using the OSHA PEL with a 
threshold of 90 dBA, a 97 dBA exposure for 3 hours would equal a 100% dose for an 8 hour 
time period. During the 2011 /2012 season, all of the employee samples experienced doses below 
100% [below the 90 dBA OSHA permissible exposure limit (PEL)]. However, sampled 
employees were occasionally exposed to an 8-hour TWA of greater than 85 dBA. While this 
requires involvement in the Hearing Conservation Program under USU and OSHA standards, it 
also opens up the possibility of overexposure assuming that the employees had worked in other 
capacities previous to assisting at the basketball games. 
Noise levels were monitored during 10 games for the 2011/2012 season. For this season, OSHA 
compliance was assessed by comparing exposures to the Permissible Exposure Limit (PEL - See 
appendix A for information concerning dosimeter parameters). While this standard is legally 
binding, it does not accurately relate to human hearing. For this reason, most companies only use 
the OSHA hearing conservation criterion of 90 dBA, with a 5 dB exchange rate, and an 80 dBA 
threshold to account for noise less than 90 dBA that can contribute to NIHL. NIOSH data has 
shown that for noise exposures of 85 dBA for a working lifetime it is expected that 8% of that 
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population will experience NIHL. We would expect about 2% at 80 dBA, and 25% at 90 dBA 
(Prince, MM). 
A summary of the 2011/2012 season results can be seen below. Personal doses were assessed by 
using the OSHA PEL. The average sampling time for each sample was approximately 2 hours 
and 50 minutes. 
2011/2012 Season Compliance Monitoring (Students) 
Game Lavg (dBA) TWA(dBA) Dose (PEL} Attendance 
BYU 99.1 92.4 140.90% 10270 
suu 98 90.4 106.90% 10068 
Denver 96 87.9 75.50% 10056 
uvu 97.8 90.1 102.60% 10141 
Nevada 98.6 91.4 122.10% 10270 
Hawaii 97.6 90.7 111.40% 9870 
SJSU 97.1 89.2 90.50% 10270 
UC Santa Barbara 95.6 88.1 77.80% 10048 
U of Idaho 97.7 90.3 105.30% 10178 
CIT(Mercer) 96.3 89.9 86.20% 6154 
Average 97.38 90.04 101.92% 9732.5 
Table 1: 2011/2012 PEL compliance monitoring results for students sampled. 
2011/2012 Season Compliance Monitoring (Employees) 
Game Lavg (dBA) TWA (dBA) Dose (PEL) Attendance 
BYU 96 89.2 89.50% 10270 
suu 91.9 84.5 46.80% 10068 
Denver 89.2 81.2 29.80% 10056 
uvu 91 83 .4 40.20% 10141 
Nevada 92.4 85.2 51.50% 10270 
Hawaii 90.9 84 43.80% 9870 
SJSU 92.1 84.2 45.30% 10270 
UC SantaBarbara 90.3 82 .9 37.60% 10048 
U of Idaho 93 .1 85.7 55 .40% 10178 
CIT (Mercer) 95 87.6 71.80% 6154 
Average 92.19 84.79 51.17% 9732.5 
Table 2: 2011/2012 PEL compliance monitoring results for employees sampled . 
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Data from the above tables was used to generate the following chart. A slight correlation can be 
seen between crowd attendance and noise dose. However, a less than significant R2 value was 
calculated. When calculating the R2 values, I had expected to see more significant correlation 
between crowd attendance and noise levels. This may be due to the fact that the crowd noise is 
more closely related to the game atmosphere and the importance of the game; or may be related 
to whether the game is getting media coverage or not. Still, it is obvious that the stadium 
atmosphere does experience some extreme noise levels. Another important aspect of the above 
data is that the data averaged at more than 50% dose over an 8-hr period and more than 135% 
dose for the time of exposure. If the employee' s normal workday was also in a high noise area, 
it is possible that the employee received an overexposure for that day. 
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Figure 10: Chart of2011/2012 employee data 
For the 2012/2013 season, the location for the student and employee samples remained constant 
from the previous year. Instead of comparing exposures to OSHA's PEL as done the previous 
year, exposures were assessed using OSHA's Hearing Conservation (HC) standard and the 
American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Value 
(TLV). ACGIH's standard (the TLV), more accurately reflects actual exposures to the human 
ear. Although it is not a regulatory requirement or a compliance standard, it is still considered 
the best known method of assessment. The tables below show the results when compared to 
both of the mentioned standards. 
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2012/2013 Season ACGIH Hearing Conservation Monitoring 
(Students) 
Game Lavg TWA Dose Attendance 
ISU 99.8 97.2 1674.70% 9607 
St. Mary's 105.6 101.3 4355.30% 9077 
Texas A&M C.C. 104.1 99.9 3116.60% 9673 
Weber State 102.8 98.7 2351.80% 8415 
Western Oregon 99.2 94.4 875.20% 8533 
Nicholls State 94.3 89.3 265.50% 2000 
UC Davis 102.1 96.9 1571.20% 3000 
Southern Illinois 95.3 90.9 394.10% 4000 
UC Davis vs. S. lllin . 82.5 73.9 11% 500 
Nich. St. vs. UC Dav. 89.1 83 .2 67% 700 
Seattle 101.1 96.6 1463.50% 6116 
Idaho 99.4 95.5 1138.50% 6982 
San Jose State 103.7 99.1 2592.60% 9191 
UT Arlington 103.5 99 2536.60% 7229 
Luisianna Tech 105.4 100.7 3796.00% 8530 
Denver 100.6 96.4 1403.00% 6978 
New Mexico St. 107.1 102.8 6013.00% 7646 
Illinois St. 100.2 96.1 1303.10% 7348 
Texas State 102.5 96.6 1456.30% 7123 
Average 98.384615 93.607692 1528.97% 6455.157895 
Table 3: 2012/2013 TL V results for sampled students 
2012/2013 Season OSHA Hearing Conservation Monitoring 
(Students) 
Game Lavg (dBA) TWA (dBA) Dose Attendance 
ISU 95.8 91.5 124.60% 9607 
St. Mary's 102 94.9 199% 9077 
Texas A&M C.C. 99 92 280% 9673 
Weber State 99.8 92.9 316% 8415 
Western Oregon 95.7 87.7 73% 8533 
Nicholls State 91.8 83.4 41% 2000 
UC Davis 97.2 88.6 83.1.% 3000 
Southern Illinois 92.2 84.8 49% 4000 
UC Davis vs. S. lllin . 77.3 68.7 5.20% 500 
Nich . St. vs. UC Dav. 85.5 75.6 14% 700 
Seattle 97.1 89.7 97% 6116 
Idaho 95.9 89.4 93% 6982 
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San Jose State 100.6 93 153% 9191 
UT Arlington 99.9 92.5 142% 7229 
Luisianna Tech 100.1 92.3 139% 8530 
Denver 98.1 91.1 117% 6978 
New Mexico St. 102.8 95.6 216% 7646 
Illinois St. 97 .2 90 101% 7348 
Texas State 98.8 89 87% 7123 
Average 94.607692 87.092308 313% 9193 
Table 4: 2012/2013 OSHA HC results for sampled students 
2012/2013 Season ACGIH Hearing Conservation Monitoring 
(Employees) 
Game Lavg TWA Dose Attendance 
ISU 94.3 91.7 477.10% 9607 
St. Mary's 94.7 90.4 353.30% 9077 
Texas A&M C.C. 92.9 88.7 235.80% 9673 
Weber State 92.1 87.9 198.70% 8415 
Western Oregon 93 88 .2 211.60% 8533 
Nicholls State 88.9 83 .8 77.40% 2000 
UC Davis 90.4 85.2 106.30% 3000 
Southern Illinois 89.6 85.1 103.40% 4000 
UC Davis vs. S. l!lin. 90.1 84.9 99.60% 500 
Nich. St. vs. UC Dav. 86.8 80.9 38.90% 700 
Seattle 93.5 89 254.40% 6116 
Idaho 92.8 88.8 242.20% 6982 
San Jose State 90.7 86.3 136.50% 9191 
UT Arlington 92 .8 88.4 221 .20% 7229 
Luisianna Tech 94 89.3 275.40% 8530 
Denver 93 .9 89.7 299.80% 6978 
New Mexico St. 94.4 90 318.50% 7646 
Illinois St. 92.8 88.5 228.00% 7348 
Texas State 94.1 88 .1 207.80% 7123 
Average 91.523077 89.38 195.02% 9193 
Table 5: 2012/2013 TLV results for sampled employees 
2012/2013 Season OSHA Hearing Conservation Monitoring 
(Employees) 
Game Lavg (dBA) TWA (dBA) Dose Attendance 
ISU 91.2 86.9 65 .70% 9607 
St. Mary's 92 .4 85.4 56% 9077 
Texas A&M C.C. 90.7 83.6 42% 9673 
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Weber State 89.9 83 38% 8415 
Western Oregon 90.6 82.6 36% 8533 
Nicholls State 86.8 78.4 20% 2000 
UC Davis 87.5 79 22% 3000 
Southern Illinois 86.9 79.5 23% 4000 
UC Davis vs. S. lllin . 86 77.3 17% 500 
Nich. St. vs. UC Dav. 83.6 73.8 11% 700 
Seattle 91.2 83.8 43% 6116 
Idaho 90.4 83.7 42% 6982 
San Jose State 88.8 81.4 31% 9191 
UT Arlington 90.9 83.5 41% 7229 
Luisianna Tech 91.8 84 44% 8530 
Denver 91.9 84.9 50% 6978 
New Mexico St. 91.9 84.7 48% 7646 
Illinois St . 90.1 83 38% 7348 
Texas State 92 82 .1 34% 7123 
Average 88.923077 81.415385 86.25% 9193 
Table 6: 2012/2013 TLV results for employees sampled 
When using the employee data, the following charts were created. These charts show a 
significant R2 value, indicating a stronger correlation than generated the previous season. A 
larger sample size and greater variability in crowd attendance contributed to the stronger 
correlation. It is expected that personal noise doses will vary from game to game depending on 
the number of spectators present, the intensity of the fan participation ( during the 2011 /2012 
season, a significant decrease in noise dose was observed during the "silent protest" held against 
Denver University), and the location within the spectrum (Significant variances in noise dose 
were observed at different locations within the spectrum during the same games). 
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Figure 11: Chart of 2012/2013 ACGIH TL V employee data 
2012/2013 Employee TWA (OSHA HC} 
12000 
10000 9607 




CII ... ... 
< 4000 -,:, 
3 
0 2000 ... u 
= 806.35x - 59776 
R2 = 0.7687 
0 ♦ 500 
74 76 78 80 82 84 86 88 
-2000 
Time Weighted Average (dBA) 
Figure 12: Chart of 2012/2013 OSHA HC employee data 
During this past seasons game against Illinois State University, A Sound Level Meter/Octave 
Band Analyzer was used to take 10-30 second noise samples within the student section. Using 
this instrument, combined with software, I was able to generate the following graphs which help 
us see which frequencies are most prevalent in the noise within the spectrum. This helps us 
breakdown the data and better understand which noise frequencies (hertz) cause the greatest 
amount of exposure. Our ability to hear and the noise that creates the most concern for NIHL 
are noises that fall with the range of 500-4000 hertz. Below, a figure shows us that some of the 
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most intense frequencies of noise occur between this range of concern which is between 500-
4000 hertz. 
The noise events and the primary sources are explained in the figure descriptions. 
Filter 
Figure 13: This is anl 1 second noise sample taken at the USU vs. Illinois State University (this 
was taken while the crowd cheered due to a block by Jordan Stone). 
Up to four dosimeters were placed at different locations within the Dee Glen Spectrum during 
the basketball games. As seen on the four figures below, logged data charts show similar 
fluctuations in noise level changes throughout the same game. However, depending on the 
location, major differences in noise levels are also seen. Areas near the student section and in 
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Figure 14: Average noise levels during the USU vs. Illinois State University game. 
' 
Name: Student 23 Type: Student Location: Student Section K, row 3. 



















Figure 15: Average noise levels during the USU vs. Illinois State University game. 
Name: Employee 1 Type: Employee Location: Sideline analyst table, game clock operator. 
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Figure 16: Average noise levels during the USU vs. Illinois State University game. 
Name: Spectator 3 Type: Student Location: Section M, row16. 
LAvo for OSHA HC: 94.2 dBA LEQ for ACGIH TLV: 98.4 dBA 
















Figure 17: Average noise levels during the USU vs. Illinois State University game. 
Name: Employee 8 Type: Employee Location: Top hallway above sections Band C. 
LAvo for OSHA HC: 88.5 dBA LEQ for ACGIH TLV: 90.9 dBA 
Recommendations 
The data collected shows that significant noise exposures are occurring to spectators and 
employees during basketball games held within the Glen Dee Smith spectrum at Utah State 
University. Because games are normally held only once per week, it is improbable that negative 
impacts on hearing be seen in employees and students unless other activities are also contributing 
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to their exposures. Acute exposures (noise at the games) attribute to headache and tinnitus 
(ringing in ears), and could lead have chronic effects such as Noise Induced Hearing Loss if 
continued over many years. Decreasing the sound system volume, job rotation among 
employees, and hearing protection are all possible control measures. In this case, the simplest 
means of protecting employees and students is by providing hearing protection (ear plugs). The 
data suggests that those being exposed to the more hazardous noise levels are those close to the 
student sections and pep band (such as ushers). 
It is recommend that those employees working directly in front of or within the student sections 
( and those ushers working directly in front of or next to the pep band) be required to use hearing 
protection during the duration of the basketball games. Also, it is recommended that the use of 
hearing protection be encouraged for employees working within the spectator seating areas. 
Doses for employees working above the seating areas in the circular hall areas did not experience 
elevated noise doses, however it is recommended that HPD's be provided to these employees if 
they choose to wear them. Employees should have access to hearing protection at their assigned 
worksites (such as at the score table), and ear plugs could be made available to spectators at the 
entrances. This demonstrates a very proactive approach to the health and safety of USU 
employees, students, and spectators while still encouraging our reputation as being one of the 
best crowds in Division 1 basketball. 
Expected Costs of Control Implementation: 
As mentioned previously, this study provides data that strongly supports the above 
recommendation that USU athletics require hearing protection use for employees working 
directly in front of the band and student sections. It is also recommended that hearing protection 
be made available to all spectators and staff if they choose to use it. After surveying 50 students 
selected at random, 12 students (24%) indicated that they would absolutely choose to wear 
hearing protection if it were provided at the entrances. The tables below calculate the projected 
cost of control implementation. Projections show the predicted cost vs. the cost of every 
spectator in a full spectrum wearing hearing protection. 
Table 7. Costs to provide 10,270 pa irs of Hearing Protection fo r a home season of 18 games 
Number of items needed for duration Cost of each 
Items Required For Purchase of season (assuming 18 home games) item Total 
Earplug Dispenser 8 $25.05 $200.40 
Ear Dispenser Refill Bottles 8 $59.52 $476.16 
Additional Refill Bottles (500 pairs) 362 $59.52 $21 .546.24 
Total Projected Cost (per season) $22,222.80 
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Table 8. Costs to provide a projected 2,300 pairs of Hearing Protection at each game 
(Conservative Estimate based on survey- Less than 2,300 will be used based on fluctuations in spectator attendance) 
Number of items needed for 
duration of season Cost of Each 
Items Required For Purchase (assuming 18 home games) Item Total 
Earplug Dispenser 8 $25.05 $200.40 
Ear Dispenser Refill Bottles 8 $59.52 $476.16 
Additional Refill Bottles {500 pair each) 85 $59.52 $5,059.20 
Total Projected Cost (per season) $5,735.76 
Table 9. Costs to provide hearing protection to employees only (those working in front of band and Stu. Sec.) 
Number of items needed for 
Items Required For Purchase duration of season 
(assuming approximately 25 employees) (assuming 18 home games) Cost of each item 
Earplug Dispenser 1 $25.05 
Ear Dispenser Refill Bottles 1 $59.52 
Additional Refill Bottles {500 pair each) 0 $59.52 
Total Projected Cost (per season) 
Figure 18: Materials to be purchased in order to implement recommended controls. Seen above 
is the ear plug dispenser which is recommended. See appendix B for purchase information. ("E-
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Appendices 
Appendix A: Dosimeter Measurement Parameters 
OSHA PEL OSHAHC ACGIHTLV 
Permissible Exposure Limit Hearing Conservation Threshold Limit Value 
Criterion: 90 dBA Criterion: 90 dBA Criterion: 85 dBA 
Exchange Rate: 5 dB Exchange Rate: 5 Exchange Rate: 3 dB 
Threshold: 90 dB Threshold: 80 dB Threshold: 80 dB 
Upper Limit 115 dB Upper Limit: 115 dB Upper Limit: 115 dB 
Response: Slow Response: Slow Response: Slow 
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Appendix B: Control Materials Purchase Information 
Item 
Item Identification Price Purchase Location 
3M 391-1000 
E-A-R One-
Ear Plug Touch Earplug 










Dispensor 391-1004 Case?N=4294928363+5011378&Nr=AND%28hrcy_id 
Bottle Regular Size %3AB8K51LM7Mlgs_JWVVK9VSQ4_N2RL3FHW 
Refill 2000 PR/Case $59.52 VK GPD0K8BC31 gv%29&rt=d 
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undergraduate research technician. Thanks to hard work in the classroom and guidance from my 
advisors, I was able to earn two summer internships for Rio Tinto assisting with occupational 
health and safety. I had a blast at USU, and am grateful to be an Aggie! 
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developing my career. I will be applying to medical school in June, and hope to enter medical 
school after working as a Health Advisor for a year. I would like thank my family for their 
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